Sn is set as T 1/2 ≥ 2.4 × 10 23 yr at 90% C.L., that corresponds to the effective Majorana neutrino mass limit in the range m ν ≤ (1.1 − 1.6) eV, depending on the nuclear matrix elements used in the estimations. New improved limits on other 2β processes in 116 Cd (decays with majoron emission, transitions to excited levels of 116 Sn) were set at the level of T 1/2 ≥ 10 21 − 10 22 yr.
INTRODUCTION
Many neutrino experiments give clear evidence for the neutrino oscillations that can be explained by mixing of neutrinos of different flavors. Taking into account this observation, searches for neutrinoless double beta (0ν2β) decay become very important experiments to investigate the nature of neutrino whether being a Dirac or Majorana particle, the lepton number violation, an absolute scale of neutrino mass and the neutrino mass hierarchy. Moreover, the 0ν2β decay is a powerful tool to test the Standard Model of particle physics (SM), since the decay can be mediated by many effects beyond the SM [1, 2, 3, 4] . The 0ν2β decay is still not observed, the most sensitive experiments give only limits on the decay half-lives for several nuclei at the level of lim T 1/2 ∼ 10 24 − 10 26 yr (see, e.g., reviews [5, 6, 7] and recent results [8, 9, 10, 11, 12] ). Investigations of the allowed in the SM two neutrino (2ν) mode of 2β decay, already detected in several nuclei with the half-lives in the range of T 1/2 ∼ 10 18 − 10 24 yr (see, e.g., [13, 14] ), give possibility to examine theoretical calculations of the nuclear matrix elements. The isotope 116 Cd is one of the most favorable candidates for 0ν2β experiments thanks to the high energy of decay (Q 2β = 2813.49(13) keV [15] ), promising estimations of the decay probability [16, 17, 18, 19] , relatively large isotopic abundance (δ = 7.512(54)% [20] ) and possibility of enrichment by ultra-centrifugation in large amount. 116 Cd to 82% [21] ) in the low background DAMA/R&D set-up installed deep underground (≈3600 m w.e.) at the Gran Sasso underground laboratory of INFN (Italy). The scintillators were fixed inside polytetrafluoroethylene containers filled with ultra-pure liquid scintillator, and viewed through low-radioactive quartz light guides (⊘7 × 40 cm) by 3 inches low radioactive photomultiplier tubes (Hamamatsu R6233MOD). The passive shield was made of high purity copper (10 cm), low radioactive lead (15 cm), cadmium (1.5 mm) and polyethylene/paraffin (4 to 10 cm) to reduce the external background. The whole set-up was contained inside a plexiglas box and continuously flushed by high purity nitrogen gas to remove environmental radon. An event-by-event data acquisition system based on a 1 GS/s 8 bit transient digitizer (Acqiris DC270) recorded the amplitude, the arrival time and the pulse shape of each events. The energy scale and the energy resolution of the detectors were checked periodically with 22 The pulse profiles of the events were analyzed by using the optimal filter method [22, 23] to select γ quanta (β particles) and α particles. The pulse-shape discrimination was applied to reduce background and to estimate (together with the time-amplitude analysis [24] 40 K, the total α activity of U/Th is 2.3(1) mBq/kg). The energy spectrum of γ(β) events selected from the data accumulated over 25037 h with the 116 CdWO 4 detectors is shown in Fig. 1 . The spectrum was fitted in the energy interval 660-3300 keV by the model built from the 2ν2β of 116 Cd, the internal contamination by 40 K, 232 Th and 238 U, and the contribution from external γ quanta. The model functions were Monte Carlo simulated with the EGS4 package [25] , the initial kinematics of the particles emitted in the decays was given by an event generator DECAY0 [26] To estimate a limit on the 0ν2β decay of 116 Cd we included in the analysis also the data from the previous stage of the experiment with a similar background counting rate of ≈ 0.1 counts/(keV kg yr) in the region of interest (ROI) (see Fig. 2 ). Furthermore, the background in the ROI was reduced to ≈ 0.07 counts/(keV kg yr) by selection of the following chain of decays:
EXPERIMENT, RESULTS AND DISCUSSION
212 Bi (Q α = 6207 keV) → 208 Tl (Q β = 4999 keV, T 1/2 = 3.053 min). The obtained energy spectrum was approximated in the energy interval 2.5 − 3.2 MeV by the background model constructed from the distributions of the 0ν2β (effect searched for) and 2ν2β decays of 116 Cd, the internal contamination of the crystals by 228 Th, and the contribution from external γ quanta. The fit gives an area of the expected peak S = −3.2 ± 10.7 counts, that is no evidence of the effect. In accordance with [27] , 14.6 counts can be excluded at 90% confidence level (C.L.), that leads to the new limit on the 0ν2β decay of 116 Cd to the ground state of 116 Sn: T 1/2 ≥ 2.4 × 10 23 yr. The half-life limit corresponds to the effective neutrino mass limit m ν ≤ (1.1 − 1.6) eV, obtained by using the recent nuclear matrix elements reported in [16, 17, 18, 19] , the phase space factor from [28] and the value of the axial vector coupling constant g A = 1.27. [30] 
